Objective: Cardiac and kidney diseases are common, and the impact of acute kidney injury (AKI) on patient outcome is well known. We aimed to investigate the incidence of acute cardiorenal syndrome (CRS) and the risk factors and outcomes associated with the disease. Methods: We conducted a retrospective cohort study comprising 289 patients with acute coronary syndrome (ACS) and acute decompensated heart failure (ADHF), examining the incidence of AKI defined according to the Acute Kidney Injury Network (AKIN) classification, the factors contributing to AKI, and the impact of AKI on in-hospital mortality and hospital re-admission. Results: Of 71 patients with AKI, 36 (50.7%) had ACS and 35 (49%) had ADHF. Overall in-hospital mortality was 5.5% (n = 16). Multivariate logistic regression identified the following independent predictors of AKI in male patients with ACS: previous myocardial infarction at age 1 65 years (OR 5.967, 95% CI 1.16-30.47, p = 0.03), chronic kidney disease (OR 3.72, 95% CI 1.31-16.61, p = 0.01), and decreased hemoglobin levels (OR 0.684, 95% CI 0.53-0.88, p = 0.03). No variable was identified as an independent risk factor in ADHF patients. Kaplan-Meier survival curves indicated that patients with ACS plus AKI had significantly higher in-hospital mortality (log rank = 0.007). Conclusion: Acute CRS (type 1 CRS) is more frequent in patients with ADHF and can be considered multifactorial. Although CRS is less frequent in ACS patients, it is associated with longer hospital stay and with higher in-hospital mortality. The heart-kidney interaction should be managed collaboratively between cardiologists and nephrologists to increase our knowledge and enhance clinical approaches.
Introduction
Prevalent heart and kidney disease is increasing [1] [2] [3] [4] , and the complexity of this interactive relationship continues to emerge. Recently, the Acute Dialysis Quality Initiative (ADQI) Working Group proposed a consensus definition for this interaction, cardiorenal syndrome (CRS), providing classifications for five subtypes [5] . The primary term CRS refers to 'disorders of the heart and kidneys whereby acute or chronic dysfunction in one organ may induce acute or chronic dysfunction of the other'. Acute CRS (type 1 CRS) is characterized by acute worsening of heart function leading to acute kidney injury (AKI) and/or dysfunction. The spectrum of acute cardiac events that may contribute to AKI includes acute decompensated heart failure (ADHF), acute coronary syndrome (ACS), cardiogenic shock, and surgery-associated low cardiac output syndrome.
Many studies have evaluated the development of AKI in ADHF and ACS [6, 7] and have used the term 'worsening renal function' to describe changes in kidney function. Until recently, the inherent problem was the lack of a consensus definition for acute renal dysfunction. Previous epidemiological studies analyzed the incidence and outcome of AKI using a variety of definitions. However, comparisons of studies and patients have been confounded by multiple definitions of AKI. The ADQI group recently established a consensus definition for AKI called the RIFLE criteria, standing for Risk, Injury, Failure, Loss and End-stage kidney disease [8] . The RIFLE classification defines three grades of AKI based on the serum creatinine criterion (CrCr) and urine output criterion (UOCr). The Acute Kidney Injury Network (AKIN) group refined the RIFLE classification further [9] . The most noticeable aspect of the refinement of the AKI criteria is a small change in the serum creatinine (SCr) level ( 6 0.3 mg/dl). The RIFLE and AKIN classifications can detect AKI with high sensitivity and specificity, while establishing different severity levels to predict the prognosis of affected patients [10] .
It is of critical significance to determine the incidence of and outcomes associated with CRS for understanding the overall burden of the disease as well as its natural history, morbidity, and mortality. Incidence estimates for AKI associated with ACS and ADHF range from 9 to 19% and from 20 to 45%, respectively [11] [12] [13] [14] . This wide range may be attributed to the use of different definitions of AKI, differences in the observation period, and/or heterogeneity of the selected populations. In addition, the development of AKI in ACS and ADHF patients has been increasingly recognized as an independent risk factor for morbidity and mortality [11, 12] .
To our knowledge, no study has investigated the epidemiology of CRS in Turkey. We conducted the present study to determine the incidence of AKI, its clinical predictors, and its prognostic impact on in-hospital mortality and hospital re-admission in Yeditepe University Hospital, Coronary Intensive Care Unit (CICU), Istanbul, Turkey.
Methods
A retrospective cohort study was conducted in patients with acute cardiac events. The study was approved by the Clinical Research Review Board of Yeditepe University Medical School. Informed consents were waived due to the retrospective design of the study.
Patient Population
The study included 289 patients with ACS (myocardial infarction with or without ST-segment elevation or unstable angina) and with ADHF who were admitted to our five-bed CICU over a 3-year period (2008) (2009) (2010) (2011) . Definitions of ACS and ADHF were based on the current guidelines [15, 16] . We excluded patients who had a previous history of end-stage renal disease requiring renal replacement therapy, those who underwent cardiac surgery for emergency coronary revascularization, or those with active infections.
Clinical and Laboratory Data Collection
Data were obtained from our Hospital Information System, a computerized system used for daily patient documentation, and verified with the written records of each patient. Standard demographic, clinical, and physiological data were collected. Demographic information included age, sex, height (cm), weight (kg), body mass index, and length of hospital stay. Clinical data included primary diagnoses, comorbidities (diabetes mellitus, hypertension, chronic kidney disease, history of cerebrovascular accidents, myocardial infarction, or coronary revascularization), and smoking status ( table 1 ). SCr and blood urea nitrogen (BUN) values at admission and discharge were recorded as peak values. We recorded only serum sodium, potassium, hemoglobin (Hb), and white blood cell values at admission and discharge. Hemodynamic parameters (systolic and diastolic blood pressure and heart rate), echocardiography findings ( table 2 ), and medications were also recorded.
Assessment of Kidney Function
AKI was classified based on SCr levels, as proposed by the AKIN criteria that classify AKI into three stages of severity ( table 3 ) [9] . Patients with evidence for an abrupt (within 48 h) absolute increase in SCr ( 6 0.3 mg/dl) or an increase by up to 6 150-200% (1.5-to 2-fold) from baseline or a urine output of ! 0.5 ml/kg/h for 1 6 h were classified as stage 1 AKI. Stage 2 AKI was diagnosed as a 6 2-fold increase in SCr from baseline or a urine output of 1 0.5 ml/kg/h for 1 12 h. Patients with a 6 3-fold increase in SCr from baseline with an acute increase of at least 0.5 mg/dl, an increase in SCr 6 4.0 mg/dl, a urine output of ! 0.3 ml/kg/h for 24 h, or anuria for 12 h were classified as stage 3 AKI.
Baseline SCr was defined as the admission level. For some patients, SCr at discharge was lower than that at admission, and this value was considered to be the basal level. Chronic kidney disease was diagnosed in patients with an estimated glomerular filtration rate (eGFR) of ! 60 ml/min/1.73 m 2 for 1 3 Val ues are mean 8 SD or numbers and percentages in parentheses. CVA = Cerebrovascular accident; MI = myocardial infarction; ACEi = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; HCTZ = hydrochlorothiazide. p = AKI vs. no-AKI patients; p* = for ACS patients, with vs. without AKI. p** = for ADHF patients, with vs. without AKI. Bold values are statistically significant. months, based on the guidelines of the National Kidney Foundation [17] . Baseline GFR was estimated using the four-component (age, race, sex, and SCr level) Modification of the Diet in Renal Disease equation: estimated GFR = 186 ! (SCr level in mg/dl) -1.154 ! (age in years) -0.203 . The product of this formula is multiplied by a correction factor of 0.742 for women and 1.21 for African-Americans [8, 10, 18] .
We assessed the incidence of and risk factors for AKI after CICU admission. The outcomes considered were in-hospital mortality and re-admission to the CICU.
Statistical Analyses
Continuous variables were presented as mean 8 SD, and discrete variables were presented as frequencies and percentages. The independent two-sample t test was used to evaluate the differences in means between the two groups. The 2 test was used to compare the frequencies of the groups.
A multiple logistic regression analysis was used to evaluate the independent correlates of AKI. Parameters with a p value ! 0.05 in the univariate analysis were included in the model.
In-hospital survival rate was calculated using the Kaplan-Meier method, and a comparison between AKI stages was performed using the log-rank test. The adjusted hazard ratios (HRs) and 95% confidence intervals (CI) for survival rates were calculated using the Cox proportional hazards model, and adjustments were made for all other variables. The model's fit was evaluated by the Hosmer-Lemeshow goodness of fit test. Two-tailed p values ! 0.05 were considered statistically significant. Statistical analyses were performed using the SPSS version 19.0 software (SPSS Inc., Chicago, Ill., USA). Tables 1 and 2 include the demographic, clinical, and laboratory characteristics of patients with and without AKI. The mean BUN, creatinine, and potassium levels at admission were significantly higher in patients who later developed AKI than in those who did not, and eGFR, sodium, Hb levels, and ejection fraction of patients with AKI were significantly lower, as well as systolic and diastolic blood pressures. These patients also showed higher incidences of hypertension, diabetes, and chronic kidney disease compared to those without AKI. Due to the variable nature of ACS and ADHF as acute cardiac events contributing to AKI in the development of acute CRS (type 1 CRS), we evaluated these events separately and then compared them to identify differences. We found that baseline BUN and eGFR levels as well as history of hypertension remained significant in patients with ACS (p = 0.02, p 1 0.00, and p = 0.02, respectively). Patients with ACS and AKI were older (p 1 0.00) and had a higher frequency of hydrochlorothiazide use (p = 0.02) compared to non-AKI patients. Among patients with ADHF, only diastolic blood pressure was significantly lower in AKI versus non-AKI patients (p = 0.04). ACS patients with AKI had considerably longer hospital stay than ADHF patients with AKI (p ! 0.00 and p = 0.96, respectively).
Results

Baseline Characteristics
Incidence of AKI
A total of 71 patients had AKI, of which 36 (50.7%) had ACS, and 35 (49.2%) had ADHF. The characteristics of AKI in ACS and ADHF patients are shown in table 4 . In ACS patients, time to peak SCr was 1.19 8 1.21 days, and time to recover baseline SCr levels was 4.33 8 2.80 days, whereas ADHF patients exhibited significantly earlier peak SCr levels (0.17 8 0.56 days), and recovery to baseline levels (1.94 8 2.78 days; p ! 0.00 and p ! 0.00, respectively). Of patients with ACS and AKI two patients (5.5%), and of patients with ADHF and AKI 4 patients (11.4%), were on renal replacement therapy, but this was not found significant (p = 0.42). ( table 5 ) . After a multivariable adjustment, previous myocardial infarction at age 1 65 years (OR 5.967; 95% CI 1.16-30.47; p = 0.03), chronic kidney disease (OR 3.72; 95% CI 1.31-16.61; p = 0.01), and decreased Hb levels in male patients (OR 0.684; 95% CI 0.53-0.88; p = 0.03) were determined to be independent predictors of AKI in ACS patients. For patients with ADHF, univariate analysis showed decreased systolic (OR 0.96; 95% CI 0.92-0.99; p = 0.0) and diastolic (OR 0.914; 95% CI 0.85-0.97) blood pressures as risk factors. However, multivariate analysis showed no variable as an independent risk factor for this patient group ( table 5 ) .
Association between AKI and Outcome
A total of 16 in-hospital deaths (5.5%) occurred. Of these patients, 11 (4.7%) had ACS, and 5 (9.4%) had ADHF. Kaplan-Meier survival curves indicated that patients with both ACS and AKI had a significantly higher in-hospital mortality compared to those without AKI ( fig. 1 ).
Ten patients (14.3%) with AKI (5 with ACS and 5 with ADHF) were re-admitted to the hospital within the observation period. Thirty patients without AKI were re-admitted (13.8%). A Cox proportional hazards model showed that AKI was not a significant risk factor for hospital re-admission.
Discussion
In the present study, we found that history of previous myocardial infarction at advanced age ( 1 65 years) and chronic kidney disease and decreased Hb levels in males were independent predictors of AKI in patients with ACS, whereas we did not detect any independent risk factor for AKI in patients with ADHF. Our findings also showed that patients with ACS and AKI had significantly higher in-hospital mortality, but the presence of AKI was not correlated with in-hospital mortality in patients with ADHF. These were the most remarkable differences between the two patient groups regarding AKI predictors and outcomes. A large number of studies used the term 'worsening renal function' to describe changes in renal function occurring after ACS or ADHF, the incidence ranging between 29 and 72% for patients with ADHF [14, 19, 20] and between 11 and 19.5% for patients with ACS [11, [21] [22] [23] . These wide ranges may be attributable to differences in the definitions used to determine worsening renal function and/or ethnic or geographical differences in the selected populations. In the present study, we used the RIFLE and AKIN classifications to detect AKI, which have been reported to have high sensitivity and specificity, while determining different severity levels to predict the prognosis of affected patients [10] . As the reported incidences of worsening renal function in patients with ACS or ADHF lie on relatively broad limits, further studies with a large sample size are needed to clarify what contribution the AKIN criteria for AKI makes to identify patients presenting with CRS. Despite the higher incidence of AKI in patients with ADHF, our results are consistent with those of previous studies.
Many studies have evaluated the association of various predictors with the occurrence of AKI in ACS and ADHF patients, and age, ejection fraction, diabetes, hypertension, and chronic kidney disease have been reported as independent predictors of AKI [19, 22, 24, 25] . Most of these studies are secondary or post hoc analyses from large registry databases or clinical drug therapy trials and include a large number of patients. Our relatively small data set provided consistent results in demonstrating the importance of chronic kidney disease as a predictor of AKI in patients with acute cardiac events.
Several studies have shown that the development of AKI is associated with prolonged hospital stay [14, 20] . Interestingly, we observed that hospital stay was longer in ACS patients than in ADHF patients, a finding that we were unable to compare due to the lack of a similar comparison in the literature. A European prospective heart failure outcome study (POSH) reported that hospital stay was longer in Europe than in the USA [14] . This may result from different management strategies of diverse medical centers.
Observational data from many studies have shown that AKI is associated with an increased risk for a poor outcome. Although a large number of studies focused on the long- Color version available online term prognosis of AKI patients [22, 23, 25] , only a few studies reported on in-hospital mortality [11, 14] . In our retrospective study, we observed that AKI had a marked impact on inhospital mortality.
Our study has several limitations. The first limitation of the study is that this is a retrospective chart review inevitably involving the limitations of the sample size, unequal distribution, and inability to draw conclusions upon population attributable risk. The second limitation is that the contribution of nephrotoxic drugs to AKI development was not reviewed. Though we adjusted pharmacological treatments according to clinical status, the amount of contrast agent used for coronary angiography was unknown. The third limitation is that this was completely an observational study, and the mechanisms of AKI and the most appropriate treatment options for these high-risk groups were not assessed. Further prospective studies are needed with large patient groups to establish the underlying mechanisms of renal injury and to subsequently analyze whether changes in preventative action and treatment approaches would affect outcomes.
In conclusion, we found that AKI during hospitalization occurred four times more frequently in ADHF patients than in ACS patients, and patients with ACS had increased inhospital mortality. Although the predominant mechanisms of AKI and its negative effect on the outcome of ADHF and ACS remain to be understood, the syndrome is clearly multifactorial. The presence of preexisting chronic kidney disease may have an impact on the incidence of acute CRS. In the future, the heart-kidney interaction should be managed collaboratively between cardiologists and nephrologists to enhance our knowledge and improve clinical approaches.
